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Abstract
Background: Off-Pump Coronary Artery Bypass Graft (CABG) surgery is purposed to reduce perioperative mortality and
morbidity compared with On-pump CABG. However some of those patients who were planned for Off-Pump CABG need to be
converted to On-Pump CABG. Emergency conversion to cardiopulmonary bypass in Off-Pump CABG is recognized to increase
operative mortality and morbidity. We aimed to determine the incidence of conversion, predictor factors, outcome of converted
patients and the effect of timing of conversion on the outcome of converted patients.
Methods: In this study, we conducted a retrospective review of 374 consecutive patients who were planned for Off-Pump CABG
from July 2009 to June 2015. This review included the preoperative characteristics, operative and post-operative outcomes as well
as the timing of conversion either before hemodynamic collapse or after hemodynamic collapse.
Results: Out of 374 patients who were planned for Off-Pump coronary artery bypass grafting 16 patients required conversion to
cardiopulmonary bypass with incidence (4.3%). Out of those 16 patients, 10 patients converted to On-Pump before hemodynamic
collapse and 6 patients were converted to On-Pump after hemodynamic collapse. Analysis of the preoperative characteristics
showed that, the presence of mild to moderate mitral regurgitation, chronic obstructive pulmonary disease (COPD) and left
ventricular ejection fraction less than 40% are risk factors for conversion of Off-Pump CABG to On-Pump CABG. Operative
mortality was 25% in conversion group and 1.7% in non-conversion group (P< 0.001). All of mortality of the conversion group was
in the delayed conversion group while mortality in early conversion group was 0.0%. Respiratory failure, use of IABP and ICU stay
were significantly higher in conversion group as compared with non-conversion group, they were (37.5% vs 3.4%), (25% vs 0.6%)
and (6.5 ± 5.0 vs 2.3 ± 1.1) respectively.
Conclusion: Patients who are intended for Off-Pump strategy and then require conversion to On-Pump have significantly higher
operative mortality and morbidity than completed OPCAB. Time of conversion plays an important role in the outcome of converted
patients; we concluded that delayed conversion is associated with poor surgical outcome, however early conversion before he-
modynamic collapse have better outcome. Based on these results, strong considerations should be given for patients who are
planned for Off-Pump CABG and have risk factors for conversion to CPB. These patients should be thoroughly monitored with
early and elective conversion to On-pump CABG before hemodynamic collapse occurs.* Corresponding author. Tel.: þ20 1006008460 (mobile).
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1. Introduction
Off-Pump Coronary Artery Bypass Grafting (OPCAB) has been shown to be a safe procedure with similar or
better outcomes to conventional On-Pump Coronary Artery Bypass [1]. So, many surgeons are using Off-Pump
techniques for CABG in an effort to eliminate the morbidity associated with CardioPulmonary Bypass (CPB),
However occasionally during beating heart operation the patient must be placed on CPB in order to safely complete
the operation [2].
Common reasons mandating conversion from an Off-Pump to an On-Pump procedure include;
* Hemodynamic instability.
* Failure to adequately expose the target vessel and
* Global ventricular ischemia [3].
Emergency conversion to cardiopulmonary bypass in Off-Pump CABG is recognized to increase operative mor-
tality and morbidity [4].
The reported incidence of conversion to CPB ranges from low of 1.1% to a high of 16.3%. Patients who require
conversion may experience a higher rate of morbidity or mortality [5].2. Patients and Methods
Between July 2009 and June 2015, 374 consecutive patients were planned for OPCAB at National Heart Institute, Imbaba,
Egypt (All patients were non emergent). Three hundred fifty eight (95.7%) underwent Off-Pump coronary artery bypass grafting
without conversion to CPB.
Depending on retrospective analysis delayed conversion was defined as conversion to On-Pump after hemodynamic collapse.
Elective conversion was defined as conversion to On-Pump before hemodynamic collapse. Preoperative, intraoperative and
postoperative variables were compared in the conversion and non-conversion group, also intra-operative and postoperative vari-
ables were compared between delayed conversion and elective conversion group.2.1. Surgical procedure
Off-Pump CABG was performed through a median sternotomy. Deep pericardial retracting sutures were used to elevate and
rotate the heart to view the target vessel. Octopus tissue stabilizer was used to stabilize the myocardium. A bloodless field of distal
anastomosis was obtained with proximal silastic snare suture. A blower was used for better visualization of target vessels. Left
Anterior Descending (LAD) first followed by Obtuse Marginal (OM)& Right Coronary Artery (RCA), partial aortic clamping was
used for proximal anastomosis.2.1.1. Conversion to On-Pump
This study includes the patients who need emergency conversion to CPB because of hypotension, critical arrhythmias(e.g.
ventricular tachycardia, fibrillation), hemorrhage, ischemia and cardiac arrest. Patients who were converted to CPB due to difficult
exposure of the target vessels or intramyocardial vessels without evidence of hemodynamic compromise were excluded from the
study.2.1.2. Timing of conversion
2.1.2.1. Early-elective conversion. Defined as conversion to CPB before hemodynamic collapse. It was planned and unhurried in
situations where wewere not able to maintain systolic blood pressure more than 90 mmHg, unexplained tachycardia (HRmore than
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severe bradycardia) and bleeding requiring more than two units of blood.
2.1.2.2. Delayed conversion. It was defined as conversion to CPB after hemodynamic collapse where initial trial of inotropes was
given for management of hypotension, surgery was continued after DC shock for arrhythmias or continued surgery after insertion of
IABP support and later on requiring conversion.
3. Results
3.1. Preoperative characteristics
The mean age was 57 ± 1.9, sixty three of patients (16.8%) were women. Out of 374 patients who were planned to
Off-Pump CABG, 16 patients were converted to On-Pump CABG (4.3%). The preoperative variables of both con-
verted & non-converted group are shown in Table 1.
3.2. Operative and post-operative data
As regards timing of conversion from Off-Pump to On-Pump, ten patients out of 16 were converted to on bypass
early and elective before hemodynamic collapse. Six patients out of 16 were converted to on bypass after trials to
support hemodynamic using inotropes and 2 of them IABP was inserted. Those 6 patients were converted to on bypass
delayed, and emergency after hemodynamic collapse happened (See Tables 2 and 3).
From analysis of the pre-operative, operative and postoperative data of the group of study we found that, sixteen
patients out of 374 patients were converted from Off-Pump CABG to On-Pump CABG with incidence (4.3%). By
comparing the pre-operative data of converted versus non-converted patients, we concluded that the independent
predictors of conversion were: LVEF <40% (50 versus 15.9%, P-value < 0.001), presence of mild to moderate mitral
regurgitation (43.8% versus 9.2%, P-value < 0.001) and COPD(31.3% versus 3.6%, P-value < 0.001).
Analysis of the operative and post-operative data of converted and non-converted patients showed that increased
morbidity and mortality of the converted group; respiratory failure (37.5% versus 3.4%, P-value < 0.001), use of
IABP(25% versus 0.6%, P-value < 0.001), length of ICU stay (6.5 ± 5.0 versus 2.3 ± 1.1 days, P-value < 0.001) and
mortality was (25% versus 1.7%, P-value < 0.001). On revision of operative and postoperative data of the converted
group, we found 10 patients out of 16 were converted early and elective before hemodynamic collapse and 6 patients
out of 16 were converted after trials to use of inotropes and/or IABP support and finally converted to On-Pump after
hemodynamic collapse urgently or emergently.Table 1
Preoperative characteristics of patients.
Variable Conversion group Non-conversion group
No. of Patients 16 358
Age 58 ± 2.1 57 ± 3.8
Female 3 (18.7%) 59 (16.5%)
NYHA Class 2.7 ± 0.6 2.6 ± 0.9
Previous MI 5 (31.2%) 133 (37.1%)
Preoperative EF % 52.7 ± 12.4 53.9 ± 11.7
EF < 40% 8 (50%) 54 (15.9%)
Presence of mild to moderate MR 7 (43.8%) 33 (9.2%)
No. of diseased vessels 2.6 ± 0.9 2.7 ± 0.7
Left main disease 4 (25%) 79 (22.7%)
Comorbidities
Hypertension 12 (75%) 276 (77%)
Diabetes Mellitus 9 (56.3%) 186 (52%)
Dyslipidemia 6 (37.5%) 150 (35.8%)
COPD 5 (31.3%) 13 (3.6%)
Renal Insufficiency 3 (18.8%) 39 (10.9%)
Table 2
Operative and Postoperative outcome.
Variable Converted group Non-converted group
Patients Number 16 358
No. of grafts 2.4 ± 0.7 2.6 ± 0.9
Blood transfusion 10 (62.5%) 144 (40.2%)
Perioperative MI 1 (6.2%) 9 (2.5%)
Reoperation for bleeding 1 (6.2%) 5 (1.4%)
Respiratory failure 6 (37.5%) 12 (3.4%)
Need for postoperative dialysis 1 (6.2%) 6 (1.7%)
Stroke 0 (0%) 3 (0.8%)
Use of IABP 4 (25%) 2 (0.6%)
Length of ICU stay (days) 6.5 ± 5.0 2.3 ± 1.1
Early mortality (30 days) 4 (25%) 6 (1.7%)
Table 3
Reasons of conversion.
No. of patients Reason of conversion
9 Hypotension during distal anastomosis of circumflex artery
3 Ventricular fibrillation during distal anastomosis of LAD
2 Bradycardia and hypotension during distal anastomosis of RCA
2 Bleeding during distal anastomosis of LAD
Table 4
Operative and post-operative data of converted patients.
Variable Early conversion Delayed conversion
No. Of Patients 10 6
Respiratory failure 1 (10%) 5 (83.3%)
Use of IABP 0 (0%) 4 (66.7%)
Length of ICU stay (days) 2.4 ± 2.8 9.2 ± 6.4
30 days mortality 0 (0%) 4 (66.7%)
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delayed converted patients and there is no significant differences between non converted patients and early converted
patients.
4. Discussion
The Off-Pump CABG procedure is reported to have economical and clinical benefits. Cleveland et al., reported
with the Society of Thoracic Surgeons (STS) data of 118140 CABG-only procedures that Off-Pump CABG was
associated with decreased mortality and morbidity, including stroke or coma, ventilator use of 24 h or more, renal
failure, deep sternal wound infection, re-operation for bleeding [6]. Other authors also concluded that a successful
Off-Pump CABG reduces operative mortality and postoperative morbidity [7]. Conversion in OPCAB has been shown
to increase mortality and morbidity, and operative mortality has been reported in the range of 7.8e22% [8].
In our study, the mortality was 25% in the conversion group as compared to 1.7% in the non-conversion group.
However in the conversion group the mortality in the delayed conversion was 66.7% as compared to 0% in the early
conversion group, it was statistically significant (P-value < 0.05). Also in our converted OPCAB group, the incidence
of respiratory failure, use of IABP support and length of ICU stay were significantly higher than OPCAB without
conversion, they were (37.5% vs 3.4%), (25% vs 0.6%) and (6.5 ± 5.0 vs 2.3 ± 1.1) respectively.
Elective and early conversion of Off-Pump CABG to On-Pump CABG without hemodynamic compromise has
been reported not to increase mortality and morbidity [9].
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the early conversion, respiratory failure (83.3% vs 10%) use of IABP(66.7% vs 0.0%), length of ICU stay (9.2± 6.4 vs
2.4 ± 2.8) and operative mortality (66.7% vs 0.0%). However comparing the morbidity and mortality between non-
conversion group and early conversion group were not significant.
Knowing that patients who are converted have higher morbidity and mortality rates it would be advantageous to be
able to predict which patients are at high risk for conversion. We found that mild to moderate MR, COPD and LVEF
<40% are risk factors for emergency conversion.
Omae et al., also showed that presence of mild to moderate MR is a risk factor for emergency conversion, they
showed that MR worsened during circumflex artery territory anastomosis and that patients with MR had more he-
modynamic compromise (decreased cardiac index and increased mean pulmonary artery pressure) than those without
MR [10]. Regarding COPD, Pulmonary hypertension or poor oxygenation might contribute to hemodynamic
compromise.
Mishra et al., also found that low LV ejection fraction is a risk factor for conversion Off-Pump CABG [11].
Furthermore, body mass index has been shown to predict conversion, intracoronary shunt use has been shown to
reduce temporary hemodynamic compromise during distal anastomosis in OPCAB, and coronary collaterals were
reported to protect against perioperative MI in OPCAB [12]. These factors were not investigated in our study.
5. Conclusion
Emergency conversion of Off-Pump CABG to On-Pump CABG increases operative mortality and morbidity.
Timing of conversion is the most important factor determining the outcome of converted OPCAB patients. Early and
elective conversion before hemodynamic collapse was found not to increase the operative mortality and morbidity.
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